

TABLE IV 



Assumed RVP 
psi 



T V/L20 
Computer 
°F. 



T V/L20 
Linear 
°F. 



9 

9 . 5 
10 

10. 5 
11 

11. 5 



131. 6 
129 . 5 
127 . 5 
125. 6 
123 .9 
122 . 2 



132 . 9 
130. 8 
128 . 8 
126 . 7 
124 . 7 
122. 6 



Since the measured value for T V/L20 for the 6/86 Honolulu fuel 
is 126. 2°F., the corresponding estimated RVP by the computer and 
linear methods (about 10.5 psi) is very close to the 10.6 psi 
that Ms. Minner obtained with the nomogram method. 



Ms. Minner 's affidavit, I would not put any faith in the 6.70 psi 
RVP value for the 6/8 6 Honolulu fuel in Attachment A, and I 
believe that no one skilled in the fuel art would trust that 
value! I am convinced, and believe that one skilled in the fuel 
art would be convinced, that the data for the 6/86 Honolulu fuel 
are in error and that the error in all probability lies with the 
RVP analysis. 



Subscribed and sworn to before me this ^iT^ day of March, 1994. 



In view of the foregoing, and the data and analysis in 



FURTHER AFFIANT SAYS NOT. 




Robert L. Russell 





State of California 

County of Orange 

My Commission expires 



FEBRUARY 1, 1997 
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EFFECT OF 
GASOLINE PROPERTY 
ON 

EXHAUST EMISSIONS 
AND 

DRIVE ABILITY 

TOYOTA MOTOR CORPORATION 
OCTOBER, 1990 



Gasoline Property 




/ l. Driveability Test 

* Hesitation during Warm-up Period 

• Engine Bench Test 

Engine Response Time 

. Vehicle Test Field Evaluation 

* Engine Startability Test 

• Low Temperature Test Cell 20° C, -25° C 

2. Exhaust Emission Test 

Tailpipe Emissions, FTP 
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Results of Driveability Test 

1. Hie Middle Range of Gasoline Distillation Temperature 
Strongly Affects Warm-up Driveability. 

T 5o Can Be Used as One Indication of Warm-up 
Driveability. 

2. RVP Has a Small Effect on Warm-up Driveability in 
the Range between 60— 90 KPa ( 8.6—13.0 psi ). 

3. RVP Regulation Will not Deteriorate Vehicle 
Driveability, if T 50 is controlled in a proper range. 
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Distillation Characteristics 
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Results of Our Study on the Intake Valve Deposit 

(1) IVD Mainly Originates from Engine Oil. 

(2) Poor Quality Gasoline Detergents Accelerate 

Oil Deterioration, and This Increases IVD Formation. 

(3) Oil Quality Affects IVD Formation. 
( See Next Slide ) 
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CONCLUSION 

(1) The middle Range of Gasoline Distillation Temperature 
affects Warm-up Driveabil ity, and HC and CO Emissions. 

(2) A T 5o Decrease of 10- 15° C Produces 15-25 % 
Reduction of HC and CO Emissions. 

(3) RVP Regulation may Encourage High T 5 o Gasoline in the 
US Market and result in Increased HC and CO Emissions, 
IF the Distillation Temperatures Are Not Controlled. 

(4) It Is Hoped the Range of T 50 Distribution in the US. 
Will Be Reduced. This Will Contribute to Improved 
Air Quality. 

(5) MTBE-Blended Gasoline Shows Poor Engine Response 
Characteristics Compared with HC-Type Gasolines. 

(6) IVD Deteriorates HC and CO Emissions. Engine Oil and 
Fuel Detergent Quality also Affect IVD. 
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Summary of the Driveability Test 

* We believe Customers in the USA Suffer Poor 
Driveability : 

•Caused by High Distillation Gasoline 

• Deteriorated by IVD Formation during 
warm-up Period 

• Particularly in the West Coast Area 
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Effects of Gasoline Composition 
on Exhaust Emissions and Driveability 

H. Hoshi, M. Nakada, M. Kato. M. Okada and N. Kayanuma 

Toyota Motor Corp 



ABSTRACT 

A study of the effects of changes in gasoline 
composition is one area to explore in our effort to 
reduce tailpipe emissions from vehicles. However, 
affects on vehicle performances should also be 
considered from the perspective of practical useage. 

In this paper, the influence of gasoline 
composition (aromatic) .volatility, and KTBE blending 
on engine outlet and tailpipe emissions are discussed 
,in particular, fore using on distillation properties 
which have a close relationship to driveability. 

Under stable driving conditios and without a 
catalitic converter, the effects of gasoline 
volatility is small, while aromatics in gasoline 
affect exhaust HC and NOx emissions. MTBE has a 
leaning effect on tho engine intake air/fuel mixture. 

IXiring a transient driving cycle, a high gasoline 
50% distillation temperature causes poor 
driveability, as a result, HC emissions increase. 



Various studies have been made over many years 
concerning the relationship between the properties of 
gasoline and the performance and driveability of 
vehicle (1,2,3). However, there have been few 
studies on the relationship beetwecn exhaust 
emissions, particularly of recent vehicles having a 
computer-controlled fuel injection engine management 
system, and the properties of gasoline, such a 
hydrocarbon composition, addition of oxygen - 
containing compounds, and volatility (H). 

It is important to take into account the 
relationship between exhaust emissions, vheicle 
driveability, and fuel consumption, to clarify 
gasoline properties which would be desirable in the 
reduction of exhaust emission (5). 

To initiate this study, the influences of 
composition, volatilitis and KTEE blending on exhaust 
emissions were investigated at a costant engine 
speed. By using a transient mode as practical use 
condition, the relationship between exhaust emissions 
and vehicle driveability was evaluated. 



1 . Introduction 

Cne of the most significant challenges that the 
automobile faces today is the enviroment. This will 
necessitate further efforts to reduce automobile 
exhaust emissions in the United States. Past efforts 
to reduce exhaust emissions were based primarily on 
improving the automobile. Another approach to this 
problem is by altering fuel composition including tin? 
introduction of unleaded gasoline, reduction of RVP, 
and blending oxygenates. It is necessary to increase 
efforts to reduce exhaust emissions by altering 
gasoline composition, along with further efforts to 
improve the automobile. 



2. Fuel properties and exhaust emissions 

First, to determine the effects of the gasoline 
properties on exhaust emissions, a test was conducted 
under the constant engine speed conditions and 
without a catalitic converter. Gasoline physical 
properties, composition, volati 1 ity.and KTBF. addition 
wore evaluated. 



* Number in parantheiuv; designate references at the 
end of the paper 
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(1) Gasoline aromatic contents and exhaust amissions. 

TEST hCTHODS 
Test Engines 

W 1.81 wivh carburetor 

and without cataiitic converter 
Test conditions 

1500rpm, -^20mHg and 3000rpm, -340m*ig 

Hydorocarbon composition Analisys 
GASOLINE - FIA (ASTM 1319) 

and Gas Cromatography 
EXHAUST GAS - Gas Crcmatography 

Exaust emission - direct sampling 



Gasoline hydrocarbon types were classified into 
aromatics, olefins, and paraffins by FIA method. 
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1 Effect of Fuel Aromatics on Exhaust Emissions 



A detailed analysis of composition was made by 
gas chromatography. Gasolines with similar properties 
and only varied aromatics content (Appendix A). 

The effects on HC.CO, NOx and aldehyde exhaust 
emissions were studied. As part of the test, the 
hydrocarbon composition of exhaust HC was measured by 
gas chromatography to evaluate the exhaust HC 
photchemical reactibity by Caplan scale (6). To ensure 
more accurate measurement of the effects of the fuel, 
constant engine condition, mesuneroents were taken 
without cataiitic converter. 

Results indicate a slight decrease of exhaust HC 
and an increase of NOx incidental to the increase of 
fuel aromatics as shown in figs. 1. While HC 
decreased, exhaust photo chemical reactibity 
increased, (figs. 2). 

Fig. 3 shows the relationship between the content 
of total aromatics in the fue (by FIA) and each 
aromatic in the exhaust gas (by GC). Exhaust 
aromatics fraction increase with the increase of fuel 
aromatic. Also Aromatics of photo-chemical reactivity 
Class I , IV (see Appendix B) increase. Consequently 
photo-chemical reactivity of exhaust gas increase as 
a result of aromatics in fuel increase. 
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Fig. 3 Correlation of Exhaust Components 
with Fuel Aromatics 
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\a (unburned) 
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w " X 

2 Each arootitis content in Fuel 

Fig. U Combustion generated and Un burned Aromatic 



The relationship between aromatics in the fuel 
and those components in exhaust emissions wos 
measured. It was then detennind whether the individual 
hydrocarbons were discharged directly unburnt, 
reflecting the contents in fuel (value *A* in fig. H), 
or were generated in the combustion process, assuming 
the value when thz fuel aromatics is zero by 
cxtrapo ration (value *B' in fig. U). 

Table 1 shows the results between fuel and 
exhaust content of each aromatics. Some amount of 
Benzene is generated in the combustion process. 
Toluene and Xylene are generated in small amounts. It 
would be necessary to reduce the Benzene discharged in 
exhaust gas. 



Table 1 Correlation between Exhaust and 

Fuel. HC composition (Aromatics) 

X:Content in Fuel(vJE) 

Y: content in Exhaust gas(ppm) 

r: correlation coefficient 



Toluene 
Xylene 



Y=0. 7 5X +3. 4 r = 0. 7 2 
Y= 0. 0 7 5 X+ 1. 8 r-0 67 
Y-0. 2X +0. 1 r-0. 72 



40 

B 
O. 

£• 30 

!» 

^ 10 
0 



. 3000rpm -340ramHg r-0. 43 



I500rpo 420mmH« r ,. 0 45 

0 10 20 30 40 

Aromatics (%) 
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(2) Gasoline volatility and exhaust emissions 

The next step of testing was to measure the 
effect of gasoline volatility by using the gasolines 
in Appendix C, under the same test conditions as 
before. The test results are shown in fig. 6. When 
RVP increased, exhaust HC decreased slightly. 

Similarly, distillation properties were studied. 
The results are shown in figs. 7 and 8. Gasoline 
with more light fraction (a high amount of 
distillates of up to 55 V) and gasoline with less 
amount of distillates of a high boiling point (a high 
amount of distillates of up to 150 °C), indicate that 
changes in exhaust HC are small. 

As a result of evaluating exhaust photo chemical 
reactibity with a Caplan scale, the fuel with a high 
amount of light fraction was found to have a slight 
reduction of exhaust reactibity as shown in fig. 8. 
From the results mentioned above, gasoline 
volatility, RVP and distillation somewhat influence 
exhaust emissions at constant engine speed conditions. 



There were no definite indications of the effect 
of aromatics on the total amount of aldehyde in 
exhaust emissions. It varied with the engine load and 
speed as shown in fig. 5. 





2200 






2100 




1 


2000 






1900 




HC 


1100 






1000 






9001 






800 1 






40 



•;l50(Jrpoi -420nmHg 



-r=-0.28- 



SOOOi pm j -340amHg 



r=-0.86 

":tz 



40 50 60 70 80 90 



o..L. 

j I 

1 j 


— - 0_. 


1 

r=-O.U5 

! " 


1 


r=-0.89_.... 



3600 
3400 
1 3200 
~ 3000 




• 


r -■ i • 

':.].: 

r=-0.21 


x fi 00 
O 500 
Z 400 
300 








i 

r=-0.23 

"I"" 



40 50 60 70 80 90 100 
RVP (kp) 

Fi«.6 Effects of RVP on Exhaust Emissions 
3500 I r 



2500 



lpOOrpm -420fmHg 



9 3j)00rpo -341 



-340|mHg 



I r=0.005 .. 
ol <fc 



1500 
500 



70 80 90 

Distillation at 150 *C (%) 

• ! 1500ipm -420nillg .. |. ...J 

• ; ° ; ; . . r=-!o.uo 

1; I "] -I ) : 

j 3000rpn -340nnHg I " I 1 """ 



'0 20 30 

Distillation at 55 *C (%) 

8 Effects ; of Distillation at 150 *C and 55 *c 
on HC Emission 



1500 
500 



..1500fpm..:,^pBB|}jS 



3000 pm -340mnH| 
'.»"-■ v 





3.0 






o 


o 


o° 


O! 

r=0.25 




2.0 










] 
i 


o 
o 


1.0 










f 




0 


% 


• 


• • 




• | r=o:06' 






35 45 


55 


~65 7E 


a 


3000 







• 

V 


• 


r=0.37. 




2000 


• 








1 

1 


X 


1000 










! 

' i " 


O 
2 


0 


o — 

o 


o 

o 


o 


! p=o.cm 

* O,- • ■ 



35 45 55 65 

Distillation at 100*C (Jl) 

Fi«.7 Effects of Distillation at 100"C 
on Exhaust Emissions 



3000rpm -340amll s 



1500r.po -420nm)lg 



r=-0.73 



? 0 80 "90 100 

Distillation at 150*C (Jt) 



3000rpm -MOnrnHg • J 



ISOOrpn -420omHg o 



r=-0.ii9 



M 45 55 65 " 

Distillation at 100 *C (%) 

Fig. 9 Effects of Distillation at 150*C and 100V 
on Exhaust reactivity 



902094 



5 



OQA Fuel G (Mixed ,MTBE 0%) 
, Fuel H (Mixed, MTBE13*) 




200 




40 












30 




(X) 




100 « 




20 




o 




8 








10 



OTJA Fuel E (Cracked) 
Fuel F (Ffcformate) 



0 



0.9 



10 1.1 1.2 

Excess Air Ratio 

Fig. to Exhaust Emissions of MTBE Blended Gasoline 




1. I 1.2 
Air Ratio 



1.3 



(3) Effect of MTBE on exhaust emissions 

"Hie effect of MTBE, an oxygen-containing conpound 
which in recent years has become a common gasoline 
blending component, was studied. It is possible that 
MTBE has combustion characteristics different from 
that of hydrocarbons. One of MTBE's characteristics 
is that it contains oxygen so that it leans the 
engine's intake of air/fuel mixture in open loop 
operation. 

(i) CFR engine test 

First, a detailed study was made on the effects 
of combinations of MTBE with gasol ine compornents. 

TEST METHODS 
Test Engines 

experimental single-cylinder engine (CFR-RDH) 
Test conditions 

lOOOrpm, 2kgf~m 

An experimental single -cylinder engine (CFR-RDH) 
was used for the test, operating a lOOOrpm- 2kgf-m. 
The test fuels, as shown in table 2 , were prepared 
by blending MTBE with catalyticaly cracking naphtha, 
re formate naphtha, and their mixture, which are base 
stocks of conmcrcial gasoline.-. 



Table 2 Test Fuel (2) 



Fuel No. 


E 


F 


G 


H 


Gasoline 


Cracked 


Reformatc 


Mixed 


Naphtha 


Blending 


Naphtha 


Naphtha 




Stocks 








MTBE % 


10 


10 


0 


13 


RON 


94.8 


95.1 


98.2 


98.2 


Aromatics % 


23. 5 


45.5 


48.5 


34.5 


Olefins % 


37.5 


0.5 


17.0 


18.0 


PVP kp 


51 


41.5 


45.1 


53.4 



As shown in fig. 10, no difference was obsrved in 
exhaust emissions among these fuels at the same 
excess air ratio. The only effect of MTBE blends are 
enleanrnent of the air/fuel ratio. 



(ii) Vehicle equipped engine test 

Next, using a vehicle equipped engine, fuels B 
and D (MTBE 15%) as shown in table 3 , were compared. 

TEST ENGINE 

L4, 1.61 with port fuel injection system 

and 3-way catalyst 
EMISSION TEST PROCEDURE 

LA #4 mode 

As shown in fig. 1 1 , in the case of catalytic 
convenor inlet gas, the exhaust CO of fuel D is low 
while its NOx is high. This was caused mainly by a 
lean air/fuel ratio. 



After cctalyst conversion, however, that is, 
after exhaust gas processing by a 3-way catalyst 
system, there is little difference in the exhaust gas 
between the two fuels. Then, the oxygen sensor was 
removed and the feedback contorol was turned off. As 
before, catalyst inlet gas with fuel D was found to 
have low exhaust CO and High NOx. It was found from 
these results that, although the effects of MTBE are 
observed in the exhaust composition before catalytic 
convertor. MTBE has little effect on an engine having 
a feedback system and a 3-way catalytic convertor. 



(g/milc) 




11 Effect of KIBE Blends on Exhaust Emissions 
(LAJ1 Emission Difference Fuel D from Fuel B) 



3. Vehicle Driveability and Exhaust Emissions 

The test results indicated that the distillation 
properties and fuel composition would be important 
[actors for reducing exhaust emissions. As already 
has been stated, the distillation properties have a 
great bearing on vehicle driveability. In this 
study, the relationship between driveability and the 
distillation properties of HTBE-blended gasoline were 
evaluated. The test was conducted on engine bench. 
The engine torque, with the throttle valve opened by 
for one second, was measured as shown in fig. 12. 

An engine bench test was used to evaluate the 
vhicle driveability. The experimental apparatus hS 
atonque pick-up meter and an air fuel ratio meter 
The coolant temperature was maintained at 25 °C To 
simulate transient condition during accelaration,' the 
pottle valve was opend quickly. Detailed test 
netted and test gasolines are shown in Appendix D. 

Assuming that the tim required for the torque to 
reach the specified value is the response time, its 
correlation with the 50% distillation point of 
gasoline was investigated as shown in fig. 13. The 
results show that the response time of MTBE blend is 
^nger than hydrocarbon type gasoline, even though the 
50Jt distillation points are same. It is clear, 
therfore, that the distillation properties of MTBE 
blends should be formulated very carefully. 
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Tabic 3 Properties of test gasoline 

Properties Fuel A Fuel B Fuel C FuelD 

Density_g/ml_ 
RVP kp 



RON 

Distilation °C 

IBP 3U.5 
T10 58.5 

T50 121.0 

T90 170.0 

EP 208.5 



0 .7655 0. 7j28__ 0.7111? 0 7081 
53.9 60.8 " 82.9 ~70T~ 



-97. 2 91.5 91.H 



Aromatics v% 
Olefins vjt 
KIBE v% 



39.3 
9.0 



31.5 
53.0 
103.5 
156.5 
175.5 
31.8 
5.1 



27.5 
13.0 
90.0 

161.0 169.0 

176.0 202.Q 



95.1 

31.5 
18.5 
81.5 
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11.5 7.2 
- 15.0 
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Fig. 12 Change in Torque on Engine Throttling 
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Fig. 13 Effect of hfTffi Blends on Driveability 
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Distillation properties influence drivoability, 
by creating an unstable air/fuel ratio under 
transient driving conditions. This instability 
affects the level of exhaust emissions, therforc, the 
relationship between exhaust emissions and 
driveability was investigated by using gasoline 
having different volatilities. 

Driverbility is judged by hesitation during 
vhecle warm up. (Test method is showen in Appendix EJ 
Three kinds of gasoline were used in the test as 
shown in table 3. Fuel A has a relatively low RVP and 
high 50% distillation temperature (T50 — almost 
maximum value in the market in sunmer) (7), fuel C has 
a high RVP and a low T50 (minimum value in the 
market) , and fuel B which has an average RVP and T50 
(average in the market} that is halfway between fuel 
A and C. The test was performed by using a vehicle 
which had been driven for a total distance of 50, COO 
miles. As shown the results in fig. )U , it was 
found that the fuel A emitted more HC and 00 and less 
NOx than the fuel B or C . This indicats that there 
is a high correlation between driveability and 
exhaust emissions when gasoline T50's are changed. 
Distillation properties (mainly T50) of gasoline has 
a great bearing on vhicle driveability (3). According 
to the corre ration between dribcability and exhaust 
emissions, T50 would also affect on exhaust 
emissions, especialy HC and 00 at transient driving 
conditions compared with constant speed conditions. 

Fuel A is a high T50, with driveability degrading 
with a coresponding increase in exhaust HC and CO 
When the air/fuel ratio was adjusted with the aim of 
improving the driveability for fuel A (high T50) to 
be equivalent to that for fuel B, exhaust HC and CO 
increase even more. That is, it would be 
considerably difficult to make vehicle driveability 
and exhaust emissions compatible if high midlle-rangc 
distillation temperature gasoline is used. 

1. CONCLUSION 

Regarding the effects of the gasoline properties 
on exhaust emissions, the following findings were 
obtained as a result of a study that evaluated without 
catalytic convcrtor, under constant engine speed 
conditions. 

(1) Effect of hydrocarbon composition 

An increase in aromatics causes an increase in 
NOx and a decrease in HC and little change in exhaust 
photo chemical rcactibity. 

The aromatics content of the fuel is related to 
exhaust aromatic emissions, while benzene is also 
generated by the combustion of fuel aromatics. 

(2) Effect of gasoline volatility 

Under constant speed conditions, the effect of 
gasoline volatility on exhaust emissions is small 
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(3) Effect of MTBE blends 

The mixture of MTBE with gasoline leans the 
air/fuel ratio, consequently decreasing HC and CO but 
increasing NOx. However, MTBE has little effect on 
an engine equipped with a feedback control system. 

In transient driving conditions, the following was 
observed as a result of studying the relationship of 
gasoline volatility with vehicle driveability and 
exhaust emissions. 

(1) The middle range of gasoline distillation 
temperature strongly affect vehicle driveability, and 
at the same time, affect exlaust HC and CO emissions. 

(2) An attempt to adjust the engine to improve 
driveability results in a iHrthcr increase of exhaust 
HJ and CO emissions. 
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Appendix A 

Table H Test Fuel for Aromatics Evaluation 



Fuel No. 
RVP (kp) 
Aroma tlc3 % 
Olefins % 
Distillation 
Evaporated 

ewe % 
ei arc % 
eiaor % 

HON 



62 62 6K 62 67 76 75~ 

9.9 13.6 19.0 27.3 29.5 35.0 37.0 
9.5 12.1 10.7 11.9 11.3 10.9 12.5 



11.2 10.0 12.0 11.2 16.0 10.5 13.0 

51.5 5C.2 51.8 51.5 93.2 U8.5 H9.2 

86.0 87.5 90.0 90.0 90.0 93.0 96.0 

9' 91 91 91 91 91 91 

0 0 0 0 0 n o 



Appendix B 

Table 5 Hydrocarbon Reactivity Classes and 
Class Specific Reactivity 



Hydrocarbon 



Specific 

1 rr-r =— Reactivity 

I Methane,Ethane,Propane,Acetylens o~ 



Benzene 





Mono alkyl benzen.C, & higher 
paraffins.Cyclic paraffins 
Crtho & pare dialkvl benzenes 


2 


I 


Ethylene.Meta dialkyl benzenes 

FOTB ldehvde & hiflher AlrWn^oo 


5 


IV 


l-olefins,DiQlefins 

Trt * tetre alkvl benzenes 


10 


V 


Internally bonded olefins 


30 


VI 


internally banded olefins with 
substitution at the double bond 
Cvclo olefins 


100 



Exhaust Reactivity = £ { H, x R, } 

H, : Mole fraction of each hydrocarbon 

R, : Specific reactivity of each hydrocarbon 



Appendix C 

Table 6 Test Fuels for RVP Evaluation 



Fuel No. 
RVP (kp) 
Aromatics % 
Olefins % 
Distillation 
Evaporated 

esor % 
eioo-c % 
eiarc % 

RON 

Oxygenates % 



I 



*Q 49 57 67 76 91 — 101 
23.1 33.8 39.7 32.0 30.8 ill. 5 39.7 
10.7 12.9 9.2 8.1 3.8 10.9 6.8 



15.0 5.0 3.5 5.5 7.5 15.5 8.5 

56.0 l»7.0 112.0 44.0 46.0 U7.5 36.0 

94.0 90.5 93.5 92.5 94,0 94.0 9o!o 

91 91 91 9t 91 91 91 

0 0 0 0 0 0 0 



Table 7 Test Fuels for Distillation Evaluation 
1 2 3 U a 




7 
61 



59 62 53 61 65 W 
16.4 33.1 28.0 28.7 30.2 46.1 35.3 
10.4 7.4 3.6 6.3 11.9 1.0 10.4 



18.0 12.5 9.6 6.5 8.0 4.5 25.0 

54.0 39.5 64.0 56.5 40.0 47.5 52 5 

87.0 65.7 94.5 93.3 89.3 94.0 76.0 

91 91 91 91 91 91 91 

0 0 0 0 OO 0 



Appendix D 

Experimental Method of Driveability (Engine Response) 
1. Experimental Apparatus 




Torque pick-up 

/ Dynaaoaeter 



I Aepltfler I 



Throttle optnlni degree 



rder ~j 

• % ]2ci 



Air fuel ra tio eater 
'iiure . experieentel Apparatua 

2. Test Engine 

• Cylinder Arrangement : L4 

• Displacement (L) : 2.0 

• Fuel System : pfj 

' Combustion Chamber : Pent Roof (4 Valve/Cylinder) 

3. Test Condition 

• Engine Coolant Temperature (*c) : 25 

•Engine Speed (rpm) : 1 400«Constant 

• Throttle Valve Openning : Road-Load 

Road-Load (Manifold Vacuun = »58kPa) 

l (1.0 second) 
50JC Openning 

4. Measuring Itero 

• Engine Torque 

• Air Fuel Ratio 
•Engine Speed 

• Manifold Vacuun 

• Throttle Valve Openning Angle 

• Engine Coolant Temperature 
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5. "test Gasolines 




Appendix E 
Test Method of Driveability 



T=3sec. 




-2500rpm 



Acceleration 
Engageraent(I>- range) 



Tine 

Fig. 1 Driving Pattern 



Driveability Judgment 

Hesitasion 
Ewcelent None 
Acceptable Trace 
Poor Modelate & Heavy 



Test_Vehicle 
Model Year" 
Engine Type 
Displaoement(L) 
Fuel System 
Transmission 



•89 

L6 

3.0 

PFI 

HAT 



A method for operating an 
automotive vehicle that aids in minimizing the amount 

of -at least one gaseous pollutant selected from the group 
consisting of NOx, CO, and hydrocarbons in the exhaust emissions 
discharged into the atmosphere f ^the automotive vehicle having a 
spark-induced, internal combustion engine and a catalytic 
c6n vertg^lt he-met hod comprising: 

fc— ^^ggffliiliMBfl— 1 f X ) introducing into the engine an 
unleaded gasoline having 
— / (a) a Re id Vapor Pressure less than 7.0 psi, 

) (b) a 50%^D-86 distillation point no greater than 210° F. , 

i (^) "an olefin content less than M| XQ. vol.1, 

( (d) a 90% D-86 distillation point less than 300° F. , and 

I (e) an octane value of at least 87* 

and thereafter 

U\ cpmbustlnq the unleaded gasoline in said" en g Vfte f 

(3 ) contacting at least some of the resultant 
engine exhaust emissions with the catalytic converter) and 

(4) VBG d * scnara ihg the exhaust emissions from the 
catalytic converter to the atmosphere. 

92 • VRS^SI A method as defined in claim 91 wherein 
the unleaded gasoline has an olef in content less than ^ggSS 8. 
volume percent . 

94 • ^BHMHHHBHBBS A method as defined in claim 91 
^■1 wherein the gasoline has a Re id Vapor Pressure no greater 
than 6.8 psi and a maximum D-86 10% Distillation Point of 140° F. 

93. A method as defined in claim 94 wherein the Re id 

Vapor Pressure of the unleaded gasoline is no greater than 6.5 
pel . 



TEXT OF CLAIMS AFTER 
4th AMENDMENT 



APPENDIX Z 



96. fJHHRME^SSS^ A method for reducing the amount 
of at least one gaseous pollutant emitted in automotive exhaust 
emissions, comprising: 

VMi f 1) introducing into a spark-induced automotive 
internal combustion engine in an automotive vehicle equipped with 
a catalytic converter for treating exhaust emissions, an unleaded 
gasoline having 

(a) a Reid Vapor Pressure less than 7.0 psi, 

(b) a 50% D-86 distillation point no greater than 210° F. , 

(c) an olefin content less than 10 vol.1, 

(d) a 90% D-86 distillation point less than 300° F. , 

(e) an octane value of at least 87; and 

(f) a 10% D-86 distillation point no greater than 158° F. t 
and 

fJBHI (2) combusting the gasoline in said engine to 
yield exhaust emissions, which, after treatment in the catalytic 
converter, have, in comparison to combusting according to the 
Federal Test Procedure a fuel having the properties for blend A/O 
AVE shown in TABLE 2, a reduced amount of at least one gaseous 
pollutant selected from the group consisting of NO x , CO, and 
unburned hydrocarbons. 



98. WMHM^HV A method mm defined in claim 
wherein the unleaded gasoline has PBMMHPHHHHHHMHPH 

^■■t^MhNfttPi a D-86 lo% Distillation point no greater than | 

140* (MHHHHHHHHHHMHHvWHBMHHH^ 



/ 99. VHIMHkHttHV A method as defined in claim 91 

wherein the unleaded gasoline has ' ^|||||i1|" l ^V l 7ll/||ii^^BBBMBlMg> 



an olefin content less than 



6 volume 



percent. 



The method 



of claim 91. 94. 96 or 99 in which the 
unleaded gasoline being combusted • in said engine contains one or 
ffivXfl -ftflflfrti gKVqenftWg and meats all- the requirements of at least 



orfe of the Class A, Class b. class c, class D, and Class E 
gasolines set forth in TABLE 1. 

101. The method of claim 100 resulting In the 
reduction of NO x emitted in the exhaust emissions from said 
catalytic converter. 

102. The method of claim 100 resulting in the reduction 
of unburned hydrocarbons emitted in the exhaust emissions from 
said catalytic converter. 

103. The method of olalm loo resulting in the reduction 
or CO emitted in the exhaust emissions from said catalytic 
converter. 

104. The method of claim 100 wherein said catalytic 
converter is a three-way catalytic converter, and the total 
measured amount of NO K , CO, and hydrocarbons emitted from said 
converter is reduced by at least 10% in comparison to fuel A/O 
AVE in Table 2 when combusted in the same engine under the same 
conditions as said unleaded gasoline according to the Federal 
Test Procedure. 

105. 4JHHHs% Tne method of claim 100 wherein said 
unleaded gasoline contains one or more oxygenates in a total 
oxygen concentration between the equivalent of about 10.1 and 
■^■■1 14 . 9 vol.1 methyl tertiary butyl ether. 



1'b e_ m e t hod, of, c lai m 105 wherein said 
unlea ded gasoline contains g reater than 65 volume percent 
paraffins. 

The method of claim 



wherei n said unlea ded gasoline contains greater than 72 volume 
percent paraffins. 



The method of claim 



^■■■■■■■■■■■iMHHBMHMlHI 100 wherein sai d unleaded 
gasoline contains greater tha n 65 volume percent paraffins . 



A method of aiding in ■MMHHHttMVMMIMri 

minimizing air pollution caused by MM automobiles comprising 
the steps of: 

(1) producing in an oil refine ry a substantial amount of 
££| unleaded gasoline selected from the group consisting of: 
(a) unleaded gasolines having a Reid Vapor Pressure 
less than 7.0 psi, an octane value of at least 87, a 50% D-86 
distillation point no greater than 210 »F, and a paraffin content 
greater than 72 volume percent; 

<b) unleaded gasolines having a Reid Vapor Pressure 
less than 7.0 psi, an octane value of at least 92, a 50% D-86 
distillation point no greater than 210 «>F, and a paraffin content 
greater than 65 volume percent; 

(c) unleaded gasolines having a Reid Vapor Pressure 
less than 7.0 psi, an octane value of at least 87, a 50% D-86 
distillation point less than 193 «»F, and an olefin content less 
than 10 volume percent; 

(d) unleaded gasolines having a Reid Vapor Pressure 
less than 7.0 psi, an octane value of at least 87, a 50% D-86 
distillation point no greater than 210 °F, and an olefin content 
less than 1 volume percent; and 

(e) unleaded gasolines having a Reid Vapor Pressure 
less than 7.0 psi, an octane value of at least 87, a 50% D-86 
distillation point no greater than 210 «F, an olefin content less 
than 10 volume percent, and a 90% D-86 distillation point less 
than 300 ° F. [VHHBWSnHlHMMMIMMBM 



(2) delivering said unleaded gasoline to a substantial 
number of gasoline service stations distributed within a. 
qeoqraphical, region with significant air pollution caused 
in substantial part by the emission of exhaust gases from the 
operation of automobiles within said region ? and 

(3) dispensing the unleaded gasoline from said gasoline 
"service stations into a substantial number of automobiles for 

subsequent combust ion ther ein, said automobiles having catalytic 
converters for treating exhaust emissions . 



lis. The method of olalm 117 performed during a time 
period of one month wherein the amount of said unleaded gasoline 
dispensed in step (3) during said month Is the equivalent of at 
least 100,000 gallons of gasoline per day. 

119. The method of claim 117 performed during a time 
period of one week wherein the amount of said unleaded gasoline 
dispensed in step (3) during said week is at least 10,000,000 
gallons of gasoline. 

120. The method of olalm 117 wherein the amount of said 
unleaded gasoline dispensed In step (3) over the course of one 
month is equivalent to at least 25% of the amount dispensed by all 
service stations in said region for said month. 



121. The method of claim 117, lie, 119, or 120 wherein 
■aid gasoline produced In step (l) is gasoline (a). 

122. The method of claim 121 wherein the gasoline 
produced in step (1) has an olefin content leee than lo volume 
percent and a 90% D-86 distillation point no greater than 315 «p. 

123. The method of claim 122 wherein the gasoline 
produced in step (l) has an olefin content leee than 6 volume 
percent. 

124. The method of claim 122 wherein the gasoline 
produced in step (i) has a 50% D-86 distillation point less than 
200 T. 

125. The method of claim 117. 118, 119, or 120 wherein 
•aid gasoline produced in step (l) is gasoline (b) . 

126. The method of claim 125 wherein the gasoline 
produced in step (l) has an olefin content less than 6 volume 
percent and a 90% D-86 distillation point no greater than 315 •F. 

127. The method of claim 126 wherein the gasoline 
produced in etep (l) has a 50% D-86 distillation point less than 
200 •F. 



128. "sTssemTsaTJI The method of claim 117 ffeTsaffeTssV 119 

wherein said gasoline produced in step (1) is gasoline 
(c) . 

129. The method of claim 128 wherein the gasoline 
produced in step (1) has an olefin content leas than 6 volume 
percent and a 90% D-86 distillation point no greater than 315 •r. 

130. The method of claim 129 wherein the gasoline 
produced in step (l) has a paraffin content greater than 65 volume 
percent. 



131. fHH^m The method of claim 117 
wherein said gasoline produced in step (1) is gasoline (d) . 

132. The method of claim 131 wherein -aid gasoline (d) 
has a paraffin content greater than 65 volume percent and a 90% 
D-96 distillation point less than 3oo T. 

133. The ».thod or ol.l» 1Ie , 119> or M0 vh . r#ln 
•aid ga.olln. produced 1„ .t.p ,„ ya . olln . 

134. The method of claim 133 wherein said 
unleaded gaeoline produced in step (1, contain, one or „ore 
oxygenate* in a total oxygen concentration between the equivalent 
of about 10.1 and MM vo!., me thyl tertiary butyl ether. 

135. MLMHIM) The method of claim tJMt 111 wherein 
the gasoline produced in step (l) has a paraffin content greater 
than 65 volume percent. 

136. faffaftsW) The method of claim MM 134 wherein 
said unleaded gasoline produced in step (l) contains less than 8 
volume olefins • B »»jtj> B jM* a BsiBjBj-B-sj B _ 



137. VflBBBI The method of claim 136 wherein said 
unleaded gasoline produced in step (1) contains less than 6 
volume percent olefins but more than 72 volume percent paraffins . 



138. 



The method of claim 



■U7. 3-1,8, 



XXSU 



or 12 0 wherein said unleaded gasoline produced in step (1) 
contains IMHMnLS>flHHBBHI one or m ore added 
oxygenases . 



119 , 



139. 
or 12Q wherein 



The method of claim 



JLJL7. 1X9. 



said 



unleaded gasoline produced In step (l) [1 



^■■i contains one or more oxygenat es in a total oxvaen 
Concentration betw een the equivalent of about 10.1 and 14.9 vol.1 
methyl tertiary butvl ether. 



142 • OHM*) A mGthod for ^HfeHM'} aiding In 
inlnlmlglnq the amount of at least one gaseous pollutant selected 
from the group consisting of NOx, CO, and hydrocarbons emitted in 
automotive exhaust emissions, comprising: 

<1) Introducing, into a spark-induced automotive Internal 
combustion engine in an automotive vehicle equipped with a 

catalytic converter for treating exhaust emissions, an unleaded 
gasoline selected from the group consisting of: 

(a) unleaded gasolines having a Reid Vapor Pressure 
less than 7.0 pel, an octane value of at least 87, a 50% D-86 
distillation point no greater than 210 *F, and a paraffin content 
greater than 72 volume percent ; 

(b) unleaded gasolines having a Reid Vapor Pressure 
less than 7.0 pel, an octane value of at least 92, a 50% D-86 
distillation point no greater than 210 • F, and a paraffin content 
greater than 65 volume percent; 

(c) unleaded gasolines having a Reid Vapor Pressure 
less than 7.0 psi, an octane value of at least 87, a 50% D-86 
distillation point less than 193 • F, and an olefin content less 
than 10 volume percent; 

(d) unleaded gasolines having a Reid Vapor Pressure 
less than 7.0 psi, an octane value of at least 87, a 50% D-86 
distillation point no greater than 210 *F, and an olefin content 
less than 1 volume percent; 

(e) unleaded, oxygenated gasolines having a Reid Vapor 
Pressure less than m| 2j5 psi, an octane value of at least 87, 
ft AQ% P-86 disti llation po int no greater than 158 »F r a 50% D-86 
distillation point no greater than MHHbVb) 215 °F. a 90% p-86 
distillation p oint no g reater than 315 'F.. a paraffin content 
greater tha n 65 volume p ercent, and an olefin content less than 

volume [^HMBBfllHHHIHHIHIHIHI^BHH^IIiH^HHBI 



JUL1 unleaded, oxygenated ga s olines of octane value at 

least 87 with a R eid Vap or Pressure less than 7.0 psi. a io% p-ac 
distillation po int no g reater than 158 » F. . a paraffin content 
greater than 65 vo lume perc ent, and a 50% p-86 distillation nnlnt- 



no greater than 215 *F. : 

IfiLl unleaded, oxygenated gasolines of oc tane value at 

least 87 with a Reid Vapor Pressure less than 7.o nal. a 10% D-B6 
distillation point no greater than 158" F. . and a paraffin 
content greater than 70 volume per cent: and 

(h) unleaded, o x ygenated gasolines of octane value at 
least 87 with a Reid Vapor Pressure less than 7.0 psi. a 10% P-B6 
distillation point no greater than 158° F. . a 5Q% D-B6 
distillation point no greater than 215 *F. an olefin content less 
than 10 volume percent, and the oxygenates are pr esent in a total 
oxvaen concentration no greater than the equivalent provided bv 
about 14.9 volume percent methvl tertiary butvl ether; 

(2) combusting the gasoline in said engine, and 

(3) passing emissions from said engine through the catalytic 
converter to be treated therein. 

143. The method of claim 142 wherein the gasoline 
introduced into said engine le unleaded gasoline (a). 

144. The method of claim 142 wherein the gasoline 
Introduced into said engine Is unleaded gasoline (b) . 

145. The method of claim 142 wherein the gasoline 
introduced into said engine is unleaded gasoline (a) . 

146. The method of claim 142 wherein the gasoline 
introduced into said engine is unleaded gasoline, (d) • 

147. The method of claim 142 wherein the gasoline 
introduced into said engine le unleaded gasoline (e) • 

148. (MeVMHPJf) The method of claim 147 wherein said 

gasoline 1^Et^lKKKKKEElKKtHNKtEtRBBBtttKtttinBBKtK& 
•JMBflttN has a ?o% d-bs distillation point no greater than 

300° F . 

149. The method of claim 143 or 144 ^gg/Jf 
^HHHHeVMaVeVsVHB wherein said unleaded gasoline contains less 

than 6 volume percent olefins and the 90% D-86 distillation point 
is no greater than 315 °F. 



The method of claim t"flHI 147 wherein 
said unleaded gasoline contains one or more oxygenates in a total 
oxygen concentration between the equivalent of about 10.1 and 
14.9 vol.1 methyl tertiary butyl ether. 



131. The method of claim 150 wherein the unleaded 
gasoline contains greater than 72 volume percent paraffins. 

152. The method of claim 150 wherein the Reid Vapor 
Pressure is less than 7.0 psi. 

153. The method of claim 152 wherein the unleaded 
gasoline contains greater than 72 volume percent paraffins. 



(b) 



154. a » t -/,od of aiding in minimizing air pollution 
caused by automobiles comprising the steps of: 

(1) producing in an oil refinery a substantial amount of 
unleaded, oxygenated gasoline selected from the group consisting 
of 

(a) unleaded, oxygenated gasolines of octane value at least 
87 with a Reid Vapor Pressure less than 7.5 psi, 
a 10% D-86 distillation point no greater than 158* F. , 
a 50% D-86 distillation point no greater than 215 W F. ' , 
a 90% D-86 distillation point no greater than 315 °F. ,' 
a paraffin content greater than 65 volume percent, and 
an olefin content less than JO volume percent; 
unleaded, oxygenated gasolines of octane value at 
least 87 with a Reid Vapor Pressure less than 7.o 
psi, a 10% D-86 distillation point no greater than 
158« F. , a paraffin content greater than 65 volume 
percent, and a 50% d-86 distillation point no greater 
than 215 # F. ; 

(c) unleaded, oxygenated gasolines of octane value at 
least 87 with a Reid Vapor Pressure less than 7.0 
psi, a 10% D-86 distillation point no greater than 
158° F. , and a paraffin content greater than 70 volume 
percent.; and 

(d) unleaded, oxygenated gasolines of octane value at 
least 87 with a Reid Vapor Pressure less than 7.0 
psi, a lo% D-86 distillation point no greater than 
158* F., a 50% D-86 distillation point no greater than 
215 °F., an olefin content less than 10 volume percent, 
and the oxygenates are present in a total oxygen 
concentration no greater than the equivalent provided 
by about 14.9 volume percent methyl tertiary butyl 
ether; 

(2) delivering said unleaded gasoline to a substantial 
number of gasoline service stations distributed within a 
geographical region with significant air pollution caused in 
substantial part by the emission of exhaust gases from the 
operation of automobiles within said region; and 

(3) dispensing the unleaded gasoline from said gasoline 
service stations into a substantial number of automobiles for 
subsequent combustion therein, said automobiles having catalytic 
converters for treating exhaust emissions. 



155. The method of claim 154 wherein the gasoline 
produced in step (1) is gasoline (a) . 



156. The method of claim 155 wherein the gasoline 
produced in step (1) comprises greater than 72 volume percent 
paraffins. 

157. The method of claim 154 wherein the gasoline 
produced in step (1) is gasoline (b) . 

158. The method of claim 154 wherein the gasoline 
produced in step (1) is gasoline (c) . 

159. The method of claim 154 wherein the gasoline 
produced in step (1) is gasoline (d) . 



160. The method of claim 159 wherein the gasoline 
produced in step (l) has a 50% D-86 distillation point no greater 
than 210* F. 

161. The method of claim 159 wherein the gasoline 
produced in step (1) has a paraffin content greater than 65 
volume percent. 

162. The method of claim 161 wherein said unleaded 
gasoline produced in step (l) contains less than 6 volume percent 
olefins. 

163. The method of claim 162 wherein said unleaded 
gasoline produced in step (l) has a paraffin content greater than 
72 volume percent. 

164. The method of claim 117, 157, 158, 159, 161, or 
163 wherein the 90% D-86 distillation point of said gasoline 
produced in step ( {1) is no greater than 315 «F. 

165. The method of claim 164 wherein the 10% D-86 
distillation point of said gasoline produced in step (l) is no 
greater than 140 *F. 

166. The method of claim 165 wherein the Reid Vapor 
Pressure of said unleaded gasoline is no greater than 6.8 psi. 

167. The method of claim 166 wherein the 50% D-86 
distillation point of said gasoline produced in step (l) is less 
than 200 *F. 



168. The method of claim 166 wherein the 10% D-86 
distillation point of said gasoline produced in step (1) is i 



greater than 135° r. 



169. The method of claim 168 wherein the 50% D-86 
distillation point of said gasoline produced in step (l) is less 
than 200 *F. 

170. The method of claim 154, 159, 161 or 163 
performed during a time period of one month wherein the amount of 
said unleaded gasoline dispensed in step (3) during said month is 
the equivalent of at least 100,000 gallons of gasoline per day. 

171. The method of claim 170 wherein the 90% D-86 
distillation point of said gasoline produced in step (1) is no 
greater than 315 *F. 

172. The method of claim 154, 155, 157, 158, 159, 160, 
or 163 performed during a time period of one week wherein the 
amount of said unleaded gasoline dispensed in step (3) during 
said week is at least 10,000,000 gallons of gasoline. 

173. The method of claim 172 wherein the 10% D-86 
distillation point of said gasoline produced in step (1) is no 
greater than 140 •F. and the 90% D-86 distillation point of said 
gasoline produced in step (1) is no greater than 315 »F. 

174. The method of claim 154 wherein the amount of said 
unleaded gasoline dispensed in step (3) over the course of one 
month is equivalent to at least 25% of the amount dispensed by 
all service stations in said region for said month. 

175. The method of claim 117, 154, 155, 157, 158, 159, 
160, 161, or 163 wherein, over a six month time period, the 
amount of said unleaded gasoline produced in step (l) is the 



equivalent of at least 25% of the total of the refinery's daily 
gasoline production over said six month time period. 



176. The method of claim 175 wherein the 90% D-86 
distillation point of said gasoline produced in step (l) is no 
greater than 315 T. and the 10% D-86 distillation point of said 
gasoline produced in step (l) is no greater than 140 • F. 

177. The method of claim 176 wherein the 90% D-86 
distillation point of said gasoline produced in step (l) is no 
greater than 300 # F. 

178. The method of claim 142 wherein the gasoline 
introduced into said engine is unleaded, oxygenated gasoline (f ) . 

179. The method of claim 142 wherein the gasoline 
Introduced into said engine is unleaded, oxygenated gasoline (g) . 

180. The method of claim 142 wherein the gasoline 
introduced into said engine is unleaded, oxygenated gasoline (h) . 



